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Exclusive semileptonic decays of B mesons allow for a nearly model independent determination of the Cabibbo-
Kobayashi-Maskawa matrix element jV
cb
j. New and updated measurements from the lep experiments and from
cleo are presented. The combination of these results with earlier measurements from argus and cleo gives a
value of jV
cb























by the aleph and cleo collaboration conrm the predictions from HQET.
1 Introduction
The decay rate for decays of B into D mesons is
described by the usual terms from phase space and
Fermi-constant plus the matrix element V
cb
that
accounts for the fact that the weak charged current
does not directly couple to the avor eigenstates,
but to quarks rotated in avor space. The CKM
matrix elements are fundamental parameters of
the Standard Model and have to be determined
experimentally. Their values can give indications
for new physics from unitarity contraints and are
important to understand CP-violation within the
Standard Model.










eral advantages for a measurement of V
cb
. It
has the largest single branching ratio of all B de-
cays, allows for an ecient reconstruction with
low background and can be described within the
Heavy-Quark-Eective Theory (HQET) with little
uncertainty as illustrated in the following.
In a meson build up from a heavy and a light
quark, the light quark cannot resolve the avor






quark only interacts with the cloud of gluons and
virtual quark pairs around the heavy quark. It is
due to this symmetry, that if in a b ! c transi-
tion the c-quark stays at rest ("zero recoil"), the
light quark doesn't recognize the change and the
decay proceeds with the maximum rate. Only if
the c-quark is moving away from the light quark,
the light quark has to interact with the heavy
quark to form the nal state meson, which causes
a suppression of the decay rate. This suppression
is described by the universal Isgur-Wise function
F(!) that replaces the three hadronic form fac-
a
Charge conjugated states are automatically implied.
tors normally used to describe the decay. Here
the kinematic variable ! is the four-vector product
of the meson velocities in the initial and the nal
state and can be expressed as a function of the

































with  a known function depending on the me-
son masses and other known parameters. Thus
by using the heavy quark symmetry, the spectrum
containing the nonperturbative contributions (at
! > 1 with F(!) < 1) is now separated from the
well dened point at zero recoil, where F(1)  1
is only governed by second order mass corrections
and small perturbative QCD-corrections that can
be calculated with about 3% precision. The exper-
imental strategy is then to measure the dierential
decay rate and to extrapolate to the point of zero
recoil to extract F(1)jV
cb
j.
In the following the event reconstruction is de-
scribed. The dierences specic to the individual
experiments are only briey pointed out, details
can be found in
1 2 3
. Section 3 and 4 describe the
rejection of background and the systematic uncer-
tainties before the results are combined with ear-
lier measurements from cleo and argus in sec-
tion 5. Section 6 reviews the rst measurements
of jV
cb





























































All lep experiments use similar techniques to re-
construct the signal nal state. The details and
numbers given below apply for the aleph analy-
sis but are similar for the other experiments.





decay vertices, which are sepa-
rated from the interaction point by some millime-
ters due to the boost and the long lifetime; reso-
lutions of about 250 m along and 40 m trans-
verse to the B ight direction are reached. Large
gas chambers immersed in a magnetic eld pro-
vide charged particle momenta and particle iden-
tication from the ionization signal. Calorime-
ters are used in addition for particle identication
and measure the energy of photons and neutral
hadrons. The hermeticity of the detectors allows





's are required to have a vertex well
separated from the interaction point and to have
a mass compatible with the nominal value. The
D
+
is then identied by its mass dierence to
the D
0
candidate which is required to be within
2.1 MeV/c
2
of the nominal dierence of 145.4
MeV/c
2
. Identied leptons with momenta exceed-
ing 2 GeV/c for electrons and 3 GeV/c for muons
are combined with the D
+
candidate in the same
hemisphere dened by the thrust axis. Additional






2.2 Reconstruction of the kinematics
For the reconstruction of !, the energy of the neu-
trino is determined from the dierence of the visi-
ble energy in the hemisphere to the beam energy,





-system to the B
0
mass and using the
B
0
direction as obtained from the vector connect-
ing the interaction point with the B
0
decay vertex,
which is required to exceed a length of 1 mm, the
kinematics can be reconstructed. The resolution
is 2.6 GeV in the neutrino energy and 
!
= 0:07.
delphi performs an analysis similar to the one
just described. In a second analysis an inclusive
reconstruction of the D
0
is performed, using all
objects with either large impact parameter to the
primary vertex, or with high rapidity with respect
to the jet axis. Combining the D
0
with a slow
charged pion selected to have a transverse mo-
mentum to the jet axis of less than 170 MeV/c





combination and the D
0
most of the background
can be rejected. The inclusive approach gives a
high eciency at the price of a larger combina-
torial background, which can however be reliably
subtracted.
3 Background
Background originates from wrong assignment of
particles that accidentally form the nal states










Combinatorial background from fragmenta-
tion tracks is suppressed from the vertex con-
straints. The rest of the background can be deter-
mined from the data either by using events in the
sidebands of the D
0
mass distribution or by using
the wrong-sign combinations. The combinatorial
background amounts typically to about 10-15% of
the signal.
The physics background is dominated by de-
cays B! D






plus a pion or a kaon that is not identied. To
reduce this background, events with an additional




-vertex and with the
same charge as the lepton are rejected. Events
with a neutral pion from a D

or with a neutral
kaon from a D

S
are rejected by a cut on a missing
mass variable.
4 Systematic uncertainties
The systematic uncertainties in the measurement
of F(1)jV
cb
j are due to the simulation (reconstruc-
tion eciencies and resolution in !; total uncer-
tainty of about 4%) and due to the background
subtraction. For a typical physics background of
13%, dominated by D

decays, and an uncer-




the uncertainty on F(1)jV
cb
j is about 2.3%.
Additional errors are due to the uncertainties
in the branching ratios needed to account for the
decay chain and in the B
0
-lifetime. These errors
are totally correlated between the lep experiments
and are taken out in the averaging procedure de-





































Figure 1: (a) The dierential decay rate after background
subtraction. The points are the data and the line is the
result of the t. (b) The product F(!)jV
cb
j from the data
(points) after corrections for resolution and dividing by ac-
ceptance, branching ratios and lifetime. The line shows the
t with the intercept at ! = 1 to be used for the measure-
ment of F(1)jV
cb
j, the shaded band depicts the statistical
and systematical uncertainties.
5 Results
5.1 Determination of F(1)jV
cb
j
After subtraction of background, the intercept
F(1)jV
cb
j and the slope a
2
of the Isgur-Wise func-
tion are tted to the dierential decay rate, see
g. 1. The tting function is convoluted with the
!-dependent acceptance plus the resolution func-
tion and assumes a linear dependence of the form
F(!) = F(1)[1  a
2
(1  !)].
From 579 signal events aleph measures
F(1)jV
cb





0:290:180:12; opal gets 349 signal events and
measures F(1)jV
cb




= 0:44  0:24 (preliminary). The combi-
nation of the two analysis performed by delphi
gives F(1)jV
cb




= 0:75 0:17 0:10.
5.2 Combination of the measurements
Before the measurements presented here are com-




, the common correlated errors are taken out.
The published results for F(1)jV
cb
j are then scaled



















































+ = (1:65 0:04)
ps
11 b
. A correction of 1:1  10
 3
is added to
account for the correlation of typ. 90% (75%)
between the statistical (systematical) errors on
the intercept F(1)jV
cb
j and the tted slope a
2
.
The combined result is F(1)jV
cb
j = (36:0 1:3
1:0)  10
 3
. The rst error is the sum of the
statistical and the uncorrelated systematical un-
certainty, the second error accounts for the com-
mon systematics with the uncertainties from each
experiment scaled to the actual errors from the
branching ratios and lifetimes given above. The
averaged slope is a
2
= 0:75  0:09 including a
correction of +0.03 to account for the correla-





(1) = 0:91 0:03, the combined value is:
jV
cb





third error given accounts for the theoretical un-
certainty in F
D
(1). The individual results are
given in g. 2.

















also allows for a determi-
nation of jV
cb
j, however it is less attractive. The
decay has more background due to the missing
D
+














, is a source of back-
ground. In addition the rate is strongly sup-
pressed for ! ! 1 due to the helicity mismatch
in the nal state. The theoretical calculation for
F(1) has a larger uncertainty since mass correc-









. Nevertheless the decay is impor-
tant since it provides a direct test of HQET. In the
following the rst measurements, from aleph and
cleo, are described. Both experiments identify









The aleph analysis uses similar selection cri-









in particular is reduced by re-






lifetime only aects the uncertainty in the
cleo measurement.
3







. The selection nds 266 sig-
nal events and 113 events from physics background
















= 0:00 0:49 0:38.
At cleo the B-mesons are produced at rest,
which is used as an additional constraint in an
analysis where only the D
+
and the lepton from
one B-decay are used to select the signal with a
missing mass technique. Background from D

is tted to the data. Identied background from
D

-decays is corrected for eciency, scaled to the
nominal branching ratio and subtracted. In a sec-
ond analysis the semileptonic decay is fully re-
constructed. Allowing for only one lepton in the
event, the neutrino four-vector is obtained from
the missing momentum in the event. Both analy-
sis are consistent with each other and lead to the
preliminary average: F(1)jV
cb





= 0:64 0:18 0:10.
Combining the results from both experiments
and using F
D+


















j and of +0:15
in the slope, due to the strong correlation of about
95% between the errors on the slope and on the
intercept for the D
+
channel, are included in the









the ratio of the Isgur-Wise





1:00  0:18 in agreement with the prediction
9









=  0:02  0:27 as well in













Semileptonic decays of B-mesons provide the most
precise measurement of jV
cb
j. Combining all


















. This result is in good






The rst measurement of jV
cb









conrms the theoretical predictions
from HQET.
Figure 2: Measurements of jV
cb
j from lep, argus and
cleo. Only the uncorrelated errors are shown for the indi-
vidual results, the averages given include the common cor-
related error and the theoretical uncertainty in addition.
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